Olfactory marker protein (OMP) genomic clones were isolated from a Charon 4A phage A rat genomic library. A 16.5-kilobase (kb) fragment of the rat genome containing the gene was isolated and characterized. Sequence analysis of the gene showed the absence of introns and the lack of CAAT and TATA boxes in the 5' flanking region. The transcription initiation site was mapped, and two sites 55 and 58 base pairs upstream of the ATG were observed. The 5' flanking region is rich in G+C residues and contains a G+C-rich motif as well as direct and inverted repeats. Functional OMP regulatory sequences were demonstrated in transgenic mice. An 11-kb chimeric gene was constructed in which the coding region for OMP was replaced with that for Thy-1.1. In Thy-1.2 mice carrying this transgene, Thy-1.1 was expressed solely by olfactory receptor neurons and their axons and terminals in the olfactory bulb.
The vertebrate olfactory pathway consists of the bipolar olfactory receptor neurons in the nasal neuroepithelium, their axons, and synaptic terminations in the synaptic glomeruli of the olfactory bulb that is located intracranially. These sensory neurons have the unusual ability to be replaced from progenitor cells that persist in the adult neuroepithelium.
Olfactory marker protein (OMP) is a highly abundant 19-kDa cytoplasmic protein that is expressed almost exclusively in mature, functioning, olfactory neurons but not in the neural precursor basal cells. OMP is initially expressed in olfactory neurons early in the last trimester of gestation at about the time when innervation of the bulb begins. Although its biological function is unknown, OMP has a wide species distribution, being present in many vertebrate classes including man (see ref. 1 for a review). Its tissue-specific expression in the receptor cells might imply involvement either in processes of regeneration or transduction.
The cDNA for OMP was cloned, characterized and sequenced in our laboratory (2) . In the present study, we used this clone to isolate and characterize the gene coding for OMP. This analysis shows that the gene is devoid of introns and lacks traditional upstream CAAT and TATA boxes. To evaluate whether the upstream sequences are functional in tissue-specific expression, transgenic mice were created by using Thy-I.l as a reporter gene.
MATERIALS AND METHODS
Cloning of the Gene for OMP. A rat genomic library in Charon 4A A phage was screened with a 32P-labeled OMP cDNA probe. The library (a gift from J. Bonner and L. Jagodzinski), consisted of a partial Hae III digest ligated into EcoRI sites of the phage and contained 1.8 x 106 independent clones. Of 5 x 105 phages screened, those containing OMP sequences were isolated, digested with restriction endonucleases, fractionated by electrophoresis in 1% agarose, transferred to nylon membranes (Biotrans; ICN), and hybridized to probes from both the 5' and the 3' regions of OMP cDNA. An 11-kilobase (kb) EcoRI fragment obtained from a 16.5-kb insert of one of the phages isolated was subcloned into pBluescript plasmid (Stratagene) and mapped by restriction enzyme analysis.
DNA Sequence Analysis. Two HindIII-Sac I fragments (2.6 kb and 1.2 kb) were subcloned into M13mpl8 and sequenced by the Sanger method (3). Deletions were generated for the 2.6-kb fragment to provide a series of overlapping clones by using the Cyclone Biosystem Kit (IBI) according to the protocol recommended by the manufacturer. The 1.2-kb fragment was sequenced by the Sanger method with synthetic primers. The overlap between these clones was sequenced by using the 11-kb EcoRI fragment subcloned into pBluescript with synthetic primers as above. S1 Nuclease Analysis. Total cellular RNA (10 pug), isolated from rat olfactory epithelium or cerebral hemispheres by the guanidinium isothiocyanate procedure (4), was hybridized with a 5'-end-labeled HindIII-Acc I probe. The genomic fragment was end-labeled with [y-32P]ATP (5000 Ci/mmol; 1 Ci = 37 GBq) and T4 polynucleotide kinase (BoehringerMannheim). The RNA and the probe were precipitated together and resuspended in 15 Al of hybridization buffer (80% formamide/0.4 M NaCl/40 mM Pipes, pH 6.4/1 mM EDTA). After 15 hr of hybridization at 60°C, the samples were diluted with 300 ,l of ice-cold buffer containing 40 mM potassium acetate (pH 4.5), 2.5 mM ZnC12, 300 mM NaCl, 20% (vol/vol) glycerol and 250 units of S1 nuclease (Boehringer-Mannheim). The S1 nuclease digest proceeded for 30 min at 30°C and was stopped by addition of 1 Al of 0.5 M EDTA. Protected fragments were resolved by electrophoresis in 6% polyacrylamide/urea gel and visualized by autoradiography. For immunohistochemistry, deeply anesthetized mice were fixed by intracardiac perfusion for 30 min with 0.5% paraformaldehyde/0.5% glutaraldehyde in 100 mM phosphate buffer (pH 6) followed by 153 mM ethanolamine, and their olfactory mucosa, bulbs, and brain were removed and processed through polyester wax as before (6) . Serial 5-jim sections in both coronal and sagittal planes as far caudal as medulla hind brain were alternatively incubated with monoclonal antibody OX7 [to identify Thy-1.1 (7)], 30H12 [to identify Thy-1.2 (7)], and a goat antibody against rat OMP (8) . After the sections were washed and incubated with appropriate horseradish peroxidase-conjugated secondary antibodies, the binding was visualized by reaction with 3,3'-diaminobenzidine tetrahydrochloride and H202. Nuclei were counterstained with thionin. Sections from liver and kidney were similarly treated.
RESULTS
Isolation of the OMP Gene. Upon screening 5 x 105 plaques from a Charon 4A rat genomic library with OMP cDNA as a probe, 12 phages were isolated. A phage hybridizing to probes both from the 5' and the 3' regions of OMP cDNA was further characterized (A-OMP). An 11-kb EcoRI fragment obtained from the 16.5-kb phage insert (A-OMP), was subcloned into pBluescript plasmid, and a partial restriction map was constructed (Fig. 1) ; upon hybridization to OMP-cDNA, a 2.6-kb HindIII-Sac I fragment was found to contain the entire cDNA information. A Southern blot of rat genomic DNA digested with EcoRI, Xba I, and BamHI was hybridized to OMP-cDNA (Fig. 2) of low intensity were also seen; these latter bands originate from hybridization with a probe spanning the 3' noncoding region of the OMP cDNA. To confirm that OMP is a single-copy gene the library was rescreened with OMP cDNA as the probe in low-stringency conditions (35% formamide/4
x SSPE/1% low fat milk/50 bug of denatured salmon sperm per ml; 1 x SSPE = 0.15 M NaCI/10 mM phosphate, pH 7.4/1 mM EDTA). The phages isolated from the genomic library were all generated from the same genomic locus. When they were probed with fragments flanking the OMP gene [1.2-kb Sac I-HindIII 5' to the gene and 3.0-kb Xba I-EcoRI 3' to the gene ( Fig. 1)] , all hybridized to either one or both probes.
Sequence of the Rat Gene for OMP. Two HindIII-Sac I fragments, the 2.6-kb fragment hybidizing to OMP cDNA and the adjacent 5' upstream fragment, were subcloned into M13mpl8 and sequenced by dideoxy chain termination (3). Deletions were generated to provide a series of overlapping clones by using the exonuclease activity of phage T4 polymerase (Cyclone Biosystem Kit; IBI). The 1.2-kb HindIIISac I fragment was sequenced with synthetic primers. The sequence of the 3122-nucleotide-long genomic fragment is present in Fig. 3 . The sequence obtained was colinear with the cDNA sequence (2), except for a few mismatches in the 3' noncoding region. This discrepancy could be a true polymorphism or could be due to reverse transcriptase artifacts in the cDNA cloning. At the 3' end, 16 bp downstream of the polyadenylylation signal, there are two G/T clusters that are found also in several other genes (9) and are believed to be important for the 3' processing of precursors of polyadenyl- Mapping of the Transcription Initiation Site. S1 nuclease and primer extension analyses were used to map the transcription-initiation site. The HindIII-Acc I DNA fragment used for S1 nuclease analysis spans the region between -235 and +212. The fragment was end-labeled and hybridized with 10 ,ug of total RNA from olfactory epithelium or cerebral hemispheres. Two major fragments of 212 and 219 bp were protected (Fig. 4) (Fig. 5) . Extended fragments were observed only with the primer complementary to the OMP coding region (Fig. 5,  lane 2) . Two extended fragments were observed, 121 bp and 124 bp in length, demonstrating the presence of two initiation sites 55 and 58 bp upstream of the ATG. The same primer was used to sequence the gene. The sequence was analyzed on a denaturing gel in lanes adjacent to those containing the primer-extended fragments, enabling us to determine the exact nucleotides corresponding to the transcription initiation sites (data not shown). Comparing the data from both methods, we were able to determine two transcription initiation sites corresponding to guanosine and cytidine residues: the first is at position +1 and the other is at -3 (Fig. 3) . (11) . In these neurons OMP is phylogenetically conserved and developmentally regulated (1) . We have now demonstrated that the functional gene for OMP lacks CAAT and TATA boxes and, as it is colinear with its mRNA, is intronless as well.
Very few examples of functional vertebrate genes are known with these characteristics. Genes for the adrenergic receptor (12) , muscarinic acetylcholine receptor (13) , interferon (14) , phosphoglycerate kinase (15), JUN protooncogene (16) , and histone (17) all other neurons (7) , whereas the chimeric gene is not expressed elsewhere in the brain, indicating the normal Thy-i neural regulatory elements are missing from this construct. The ability of the chimeric gene to direct Thy-1.1 protein expression in transgenic animals according to the pattern expected for OMP demonstrates that the genomic clone we have isolated includes at least the regulatory sequences controlling the olfactory cell-specific pattern of expression of the OMP gene.
We are now in a position to identify the minimal essential sequence information necessary to achieve the biological specificity of OMP expression and to determine the mechanisms by which this is attained. Understanding the processes involved in this gene regulation offers the possibility of identifying other genes selectively expressed in these neurons and associated with their neurogenesis and detection, transduction, and transmission of olfactory information.
